Introduction {#s0005}
============

Extranodal nasal natural killer (NK)/T cell lymphoma (ENKTCL) is a rare but highly aggressive subtype of non-Hodgkin lymphoma (NHL), with up to 10% of NHLs occurring in East Asia and South America \[[@bb0005]\]. It is characterized by its immunophenotypic expression of cytoplasmic CD3ε^+^, CD56^+^, and cytotoxic molecules, with no surface CD3 or T-cell receptor expressions \[[@bb0005],[@bb0010]\]. The Epstein--Barr virus (EBV) is thought to play an essential role in its pathogenesis and regional differences, and its expression is a key for diagnosis \[[@bb0005],[@bb0015]\]. Multitherapy including chemotherapy and local radiotherapy is used concurrently or sequentially for NKTCL treatment. Even so, the complete response rates are only 5% to 60% \[[@bb0020]\], and the estimated 5-year overall survival remains low. Therefore, novel therapies are urgently needed for patients with NKTCL.

Immunotherapy, representing a shift from the traditional approach to treat cancers, promises to meet the need to improve clinical outcomes for patients with ENKTCL, because immune suppression is tightly related to the occurrence, progression, and poor prognosis of such tumors \[[@bb0025],[@bb0030]\]. Currently, there are various forms of cancer immunotherapy. Of these, redirecting T cells to target malignancies is an attractive strategy including antitumor agents designed to directly activate T cells against tumors, such as chimeric antigen receptor-modified T (CAR-T) cells and the bispecific T-cell engaging (BiTE) antibody. Both CAR-T cells and BiTE can target tumors without depending on the cytotoxic mechanisms of conventional therapies and can target tumor-specific antigens and active T cells simultaneously \[[@bb0035],[@bb0040]\]. Nevertheless, clinical development of redirecting T cells therapy for solid tumors is still hindered by the lack of an appropriate antigen that has high tumor specificity \[[@bb0045]\].

Until now, various surface markers of NKTCL including CD30, CD38, PDL1, and EBV antigens (LMP1 and LMP2) have been used for immunotherapy \[[@bb0015]\]. Antibody drugs targeting ENKTCL cellular membrane proteins such as brentuximab \[[@bb0050]\], daratumumab \[[@bb0055]\], pembrolizumab, and nivolumab \[[@bb0060]\] have shown clinical benefits in patients with relapsed/refractory ENKTCL. Although some of the trials have shown responses, the overall outcomes are not impressive compared with other forms of immunotherapy used in treating hematological malignancies. One reason lies in heterogeneous antigen expression with regard to distribution and intensity \[[@bb0065]\]. Therefore, for both BiTE and CAR-T cell therapies, to avoid on-target/off-tumor toxicity and tumor escape, the ideal target antigens should be highly and homogeneously expressed by all tumor cells but not healthy tissues \[[@bb0040]\].

To develop a more potent therapy for patients with ENKTCL, we screened a panel of biomarkers including the B7-H3, CD70, TIM-3, VISTA, ICAM-1, and PD-1 in NKTCL cell lines. Notably, we found that B7-H3 was highly and homogeneously expressed. Then we constructed a novel anti-B7-H3/CD3 BiTE antibody and B7-H3-redirected CAR-T cells, and evaluated their efficacy *in vitro* and *in vivo*. Our results demonstrated that the B7-H3 molecule might be a promising therapeutic target for treating patients with NKTCL tumors.

Methods {#s0010}
=======

Cell Lines and Mice {#s0015}
-------------------

The NKTCL cell line (SNK-6) \[[@bb0070]\] was established from primary lesions of patients with NK/T cell lymphomas and cultured in RPMI 1640 medium (GIBCO, Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% heat-inactivated fetal bovine serum, 1.0 mmol/L penicillin--streptomycin combination (Hyclone, South Logan, UT, USA) and 700 U/mL recombinant human IL-2. Raji human Burkitt\'s lymphoma cells (purchased from the American Type Culture Collection, ATCC) were cultured in RPMI 1640 medium (GIBCO) containing 10% fetal bovine serum and 1.0 mmol/L penicillin--streptomycin combination (Hyclone). HEK293T cells (purchased from the ATCC) were maintained in DMEM (GIBCO) supplemented with 10% fetal bovine serum and 1.0 mmol/L penicillin--streptomycin combination (Hyclone). All cell lines were incubated in a humidified atmosphere at 37°C containing 5% CO~2~. To evaluate the efficacy of cell treatments, we generated SNK-6 cells stably expressing firefly luciferase (SNK-6- FFLuc). Six- to eight-week-old female NSG mice (NOD.Cg-Prkdc^scid^ Il2rg^tm1Wjl^/SzJ) were purchased from the Model Animal Resource Information Platform of Nanjing University, P. R. China. Mice were housed and handled in strict accordance with the requirements of the National Institutes of Health and our Institutional Animal Care and Use Committee. Ethical approval was given by the West China Hospital of Sichuan University Laboratory Animal Ethics Committee (approval number 2018212A).

Construction of B7-H3/CD3 BiTE {#s0020}
------------------------------

The anti-B7-H3 single-chain variable fragment (scFv) sequence used in BiTE and CAR vectors was derived from a highly specific monoclonal antibody (mAb) against B7-H3 (clone mAb-J42) generated by our group using a standard hybridoma technique. cDNA encoding the B7-H3-specific scFv (J42-scFv) and CD3-specific scFv (synthesized by Genewiz (<https://www.genewiz.com>) according to published amino acid sequences) were linked by a G4S linker to construct a recombinant single-chain BiTE. The recombinant cDNA was subcloned into a eukaryotic expression vector with a His tag at the C-terminal to facilitate protein purification. HEK293T cells were transduced with the expression vectors described above and cultured in FreeStyle serum-free medium (Thermo Fisher Scientific, Waltham, MA, USA). The supernatant was collected twice over 1 week, and the recombinant B7-H3/CD3 BiTE was purified on Ni-NTA affinity columns and subsequently subjected to size exclusion chromatography.

Production of B7-H3-Redirected CAR-T Cells {#s0025}
------------------------------------------

The anti-B7-H3 CAR consisting of a CD8α signal peptide, anti-B7-H3 scFv, a hinge region, a CD8 transmembrane domain, the 4-1BB and CD3ζ cytoplasmic domains, a P2A and an mCherry red fluorescent protein-encoding region were synthesized by a vendor (Genecreate company, Wuhan, China) as described previously \[[@bb0075]\]. The B7-H3-CAR and vehicle lentiviral vectors were produced using HEK293T cells. In brief, cells were plated 24 h before transfection, then cotransfected with lentiviral constructs (B7-H3-CAR or vehicle-treated control vectors) and packaging plasmids (psPAX2 and pMD2.G vectors) using polyetherimide. Supernatants were harvested at 48 h and 72 h after transfection and then further concentrated 50-fold by centrifugation at 15,000 rpm for 2 h at 4°C. The pellet was resuspended in serum-free RPMI medium and stored at −80°C immediately.

Normal human donor peripheral blood mononuclear cells (PBMCs) were isolated by gradient centrifugation and were further activated by 200 ng/mL of anti-CD3 mAb (BioLegend, San Diego, CA, USA; OKT3), 100 ng/mL CD28 mAb (BioLegend; CD28.2), and 100 U/mL recombinant human interleukin (IL)-2 (Life Sciences) at 37°C in a humidified atmosphere with 5% CO~2~ for 48 h. Then, activated T lymphocytes were transduced with lentivirus supernatants (multiplicity of infection, MOI = 3--10) to express anti-B7-H3 CAR in the presence of IL2. After 12 h, T cells were cultured in X-VIVO Medium (Lonza) in the presence of 100 U/mL IL2, 10 ng/mL IL7 (PeproTech), and 5 ng/mL IL15 (PeproTech). Vehicle-treated control T cells and nontransduced T (NT) cells were established using the same conditions.

Immunofluorescence Staining Analysis {#s0030}
------------------------------------

Cells were incubated in 24-well plates with coverslips at 37°C for 24 h. Specimens were stained with the primary antibody for 60 min at 4°C and then stained with an FITC-conjugated secondary antibody (Proteintech, Rosemont, IL, USA) and DAPI (Beyotime Institute of Biotechnology, Shanghai, P. R. China). The primary mAbs used for staining included those for B7-H3 (Cell Signaling Technology, CST, Danvers, MA, USA; D9M2L), CD70 (Abcam, Cambridge, MA, USA; ab175389), TIM-3 (Abcam; ab47997), VISTA (CST; D5L5T), B7-H3 mAb (J42), and J42-scFv-Fc. The images were captured using confocal microscopy. For RNA-seq and survival analysis, the data were downloaded from were downloaded from the Gene Expression Profiling Interactive Analysis (GE-PIA) (<http://gepia.cancer-pku.cn/>), which has access to The Cancer Genome Atlas (TCGA).

Flow Cytometry {#s0035}
--------------

Cell surface expression levels of B7-H3, CD70, TIM-3, VISTA, ICAM-1, and PD-1 were analyzed by flow cytometry. Briefly, cells were washed in ice-cold phosphate-buffered saline (PBS), and collected by centrifugation. The cells were incubated with mAbs specific to human B7-H3, CD70, TIM-3, PD-1, ICAM-1 (BioLegend, San Diego, CA, USA; DCN.70, 113--16, F38-2E2, EH12.2H7, and HA58 respectively) and VISTA (BD Biosciences, Franklin Lakes, NJ, USA; MIH65) for 30 min in the dark on ice. After washing twice with ice-cold flow cytometry buffer, the cells were resuspended in 300 μL of the same buffer and analyzed using a Fortessa flow cytometer (BD Biosciences) according to the manufacturer\'s protocols. Anti-human CD4 and CD8 mAbs (BD Biosciences; RPA-T4 and RPA-T8), CD3, CD45RO, CCR7, CD25, CD69, TIM-3, and PD-1 (BioLegend; HIT3a, UCHL1, G043H7, 3C7, FN50, F38-2E2, and EH12.2H7) were used for T cell phenotype and coculture analyses. For each sample, at least 20,000 events were acquired and analyzed using FlowJo software (v. 10.6.0; <https://www.flowjo.com>).

Cytotoxicity Assays {#s0040}
-------------------

Cytotoxicity of B7-H3-redirected CAR-T cells and B7-H3/CD3 BiTE mAb was analyzed using a ^51^Cr assay as described \[[@bb0080]\]. To evaluate the effect of B7-H3-redirected CAR-T cells, SNK-6 cells (1 × 10^5^/mL) labeled with sodium chromate (Na~2~^51^CrO~4~) were incubated with effector cells (CAR-T cells and vehicle-treated control T cells) at effector-to-target (E/T) ratios of 16:1, 8:1, 4:1, and 1:1 for 4 h. In addition, B7-H3-negative Raji cells were incubated with effector cells (CAR-T cells and vehicle-treated control T cells) at the different E/T ratios outlined above for 4 h. For B7-H3/CD3 BiTE, 1 × 10^5^ cells/mL of tumor cells (SNK-6 and Raji) were preincubated with serially purified B7-H3/CD3 BiTE at different concentrations or in PBS for 1 h at 37°C. PBMCs from healthy donors were added at different E/T ratios and incubated for 4 h at 37°C in 5% CO~2~. The radioactivity of the supernatants was measured using a gamma counter. The percentage of specific lysis was calculated by the following formula: (test release -- spontaneous release) / (maximal release -- spontaneous release) × 100.

T Cell Function Assays {#s0045}
----------------------

SNK-6 cells and Raji cells were seeded in 96-well plates at a concentration of 1 × 10^4^ cells/well. CAR-T cells were added to the culture at an E/T ratio of 4:1 without the addition of exogenous cytokines. After 12 h, the supernatant was collected and cytokines (interferon gamma, IFN-γ, IL-2, and tumor necrosis factor alpha, TNF-α) were measured using specific enzyme-linked immunosorbent assay (ELISA) kits (BioLegend), respectively. For coculture assay, 1 × 10^5^ tumor cells (SNK-6 and Raji) were cocultured with 4 × 10^5^ NT cells, B7-H3-redirected CAR-T cells, or vehicle-treated control T cells in 24-well plates at 37°C without the addition of exogenous cytokines. Cells were harvested for flow cytometry analysis 24 h later, and residual tumor cells were counted.

Cell-Derived Xenograft Model in Mice {#s0050}
------------------------------------

Six- to eight-week-old female NSG mice were injected subcutaneously into the right flank 10 days in advance with 2 × 10^6^ SNK-6- FFLuc cells. The mice were divided into four groups randomly treated with PBS, vehicle control, 1 × 10^7^ B7-H3 CAR-T cells, or B7-H3/CD3 BiTE (2 mg/kg, every 3--4 days) intravenously (*via* the tail vein) at indicated time points. One hour before BiTE was injected, mice were injected intravenously with 1 × 10^7^ T cells. For antitumor efficacy analyses, tumor progression was monitored by whole-body imaging using an IVIS system (Caliper Life Sciences, Hopkinton, MA, USA) every 3 days beginning on day 0. Animals were euthanized when the tumor volume exceeded 1800 mm^3^.

Immunohistochemistry (IHC) {#s0055}
--------------------------

Tumor tissues were analyzed for B7-H3 expression. All samples were fixed in 10% formalin and embedded in paraffin wax for staining with a commercial anti-B7-H3 rabbit mAb (CST; 1:200). In brief, tissue sections were incubated at 65°C for 1 h and blocked with PBS containing 10% normal goat serum (Boster, Wuhan, P. R. China) for 30 min at room temperature, followed by incubation with a respective primary antibody at 4°C overnight. Bound primary antibodies were incubated with goat anti-rabbit secondary antibodies, followed by DAB detection (ZSGB-BIO, Beijing, P. R. China).

Statistical Analysis {#s0060}
--------------------

*In vitro* experiments were repeated at least three times. All statistical analyses were performed using GraphPad Prism (version 8.02; <http://www.graphpad.com>). Data are presented as the mean ± standard deviation (SD) with statistically significant differences determined by tests as indicated in the figure legends; *P* values \<.05 were considered statistically significant.

Results {#s0065}
=======

Surface Expression of Diverse Molecules on SNK-6 Cells {#s0070}
------------------------------------------------------

The expression levels of B7-H3, CD70, TIM-3, VISTA, ICAM-1, and PD-1 in SNK-6 cells were analyzed by flow cytometry using fluorescence-activated cell sorting (FACS). This showed that SNK-6 cells had high surface expression levels of B7-H3, while CD70, TIM-3, and VISTA were expressed at lower levels ([Figure 1](#f0005){ref-type="fig"}*A*). Because there are insufficient clinical data on patients with NKTCL in the Cancer Genome Atlas database (TCGA; <http://cancergenome.nih.gov>), we analyzed the mRNA levels of B7-H3, CD70, TIM-3, and VISTA in head and neck carcinomas based on data from the TCGA ([Figure 1](#f0005){ref-type="fig"}*B*). The expression levels of mRNAs for B7-H3, CD70, and TIM-3 were significantly higher in head and neck cancers compared with normal tissues. More importantly, the higher expression of B7-H3 in tumors correlated with worse overall survival in patients (*P* = .02) ([Figure 1](#f0005){ref-type="fig"}*C*). In addition, we further confirmed the expression levels of B7-H3, CD70, TIM-3, and VISTA on SNK-6 cells by immunofluorescence ([Figure 1](#f0005){ref-type="fig"}*D*). Together, these results indicate that the B7-H3 protein marker might serve as a valuable clinical target for the treatment of patients with ENKTCL.Figure 1**Surface expression of diverse molecules.** (**A**) Cell-surface expression of B7-H, CD70, TIM-3, VISTA, ICAM-1, and PD-1 on human NKTCL cell lines (SNK-6) was evaluated by FACS analysis. (**B**) The mRNA expression levels of B7-H3, CD70, TIM-3, and VISTA in tumors and normal tissues were analyzed using the TCGA database. (**D**) Survival analysis of patients with head and neck cancers taken from the TCGA database. (**E**) Immunofluorescence staining indicates the surface expression of B7-H3, CD70, TIM-3, and VISTA (green) on SNK-6 cells, Scale bars = 10 μm.Figure 1

Construction of B7-H3/CD3 BiTE and B7-H3-Redirected CAR-T Cells {#s0075}
---------------------------------------------------------------

The binding properties of the J42 mAb and its derived B7-H3-scFv-Fc to SNK-6 cells were confirmed by immunofluorescence ([Figure 2](#f0010){ref-type="fig"}*A*). B7-H3/CD3 BiTE was engineered by combining a B7-H3 scFv derived from the mAb-J42 clone with a CD3 scFv. Each scFv contained a corresponding light chain (VL) and heavy chain (VH) joined together by a 5-amino-acid (G4S) linker ([Figure 2](#f0010){ref-type="fig"}, *B* and *C*). [Figure 2](#f0010){ref-type="fig"}*D* shows the SDS--PAGE analysis of the purified B7-H3 BiTE. For the B7-H3-redirected CAR-T cells, schematic diagrams of the construction of B7-H3 CAR are shown in [Figure 2](#f0010){ref-type="fig"}*B*. The transduction efficiency of CAR-T cells was confirmed using flow cytometry by detection of the coexpressed mCherry red fluorescent protein (PE Texas-Red in [Figure 2](#f0010){ref-type="fig"}*E*). The results demonstrated a 40--60% CAR expression compared with NT cells. Ten days after transduction, analysis of the phenotype of B7-H3 CAR-T cells using flow cytometry showed that they were 57--61% CD8^+^ T cells and 28--32% CD4^+^ T cells (the ratio of CD4^+^/CD8^+^ T cells was about 1:2), without significant differences in CD45RO, CCR7, CD25, CD69, PD-1, or TIM-3 between CAR-T cells and NT cell groups ([Figure 2](#f0010){ref-type="fig"}*F*).Figure 2**Construction of B7-H3/CD3 BiTE and B7-H3-redirected CAR-T cells.** (**A**) The binding properties of mAb (J42) and B7-H3 scFv to SNK-6 cells were confirmed by immunofluorescence, Scale bars = 10 μm. (**B**) Schematic representation of B7-H3/CD3 BiTE and B7-H3-CAR constructs. (**C**) Schematic representation of B7-H3/CD3 BiTE. (**D**) SDS--PAGE results for purified B7-H3/CD3 BiTE. (**E**) The B7-H3-CAR expression on human T cells was analyzed by detecting mCherry red fluorescence expression with flow cytometry. (**F**) Ten days after transduction, the subsets and phenotypes of nontransduced T cells (NT) and CAR-T cells were analyzed using flow cytometry.Figure 2

T Cell-Mediated Cytotoxicity Induced by B7-H3-Redirected BiTE and CAR-T Cells *In Vitro* {#s0080}
----------------------------------------------------------------------------------------

The activities of B7-H3/CD3 BiTE and B7-H3 CAR-T cells were evaluated using a coculture assay. Dose-dependent specific lysis was observed in SNK-6 cells in the presence of B7-H3/CD3 BiTE, and the IC~50~ of B7-H3/CD3 BiTE on SNK-6 cells was 77.96 ng/mL ([Figure 3](#f0015){ref-type="fig"}*A***)**. In the Cr^51^ release cytotoxic assay, the results of the specific antitumor effect of B7-H3/CD3 BiTE and B7-H3 CAR-T cells under different E/T ratios are shown in [Figure 3](#f0015){ref-type="fig"}*B*. No cytotoxicity was observed for B7-H3-negative Raji cells, even in the presence of T cells. Moreover, the vehicle-transfected control T cells did not mediate killing. After coculturing, the residual cells were analyzed by FACS, and the results are shown in [Figure 3](#f0015){ref-type="fig"}*C* with representative flow cytometry plots and the statistics for residual tumor cells are displayed in [Figure 3](#f0015){ref-type="fig"}*D*. As shown, the B7-H3 CAR-T cells and the B7-H3/CD3 BiTE could significantly decrease the viability of SNK-6 cells, but no significant difference was observed between BiTE and CAR-T treatment groups. In addition, the B7-H3-redirected T cells secreted \>10-fold more IFN-γ, 14-fold more IL-2, and approximately 20-fold more TNF-α compared with vehicle-transfected control T cells (all *P* ≤ .05). Similarly, the B7-H3/CD3 BiTE cells significantly increased the levels of cytokines compared with the PBS-treated control cells ([Figure 3](#f0015){ref-type="fig"}*E*). These data suggest that the cytolytic activity of B7-H3 CAR-T cells and B7-H3/CD3 BiTE was accompanied by cytokine release consistent with T cell-induced cytotoxicity, but not in Raji cells ([Supplementary Figure S1](#f0025){ref-type="graphic"}).

Antitumor Effect of B7-H3-Redirected BiTE and CAR-T Cells *In Vivo* {#s0085}
-------------------------------------------------------------------

The potent *in vitro* cytotoxicity of B7-H3/CD3 BiTE and B7-H3-redirected CAR-T cells prompted us to assess the antitumor killing efficacy of these two potential immunotherapy agents *in vivo*. The schema is presented in [Figure 4](#f0020){ref-type="fig"}*A*. A bioluminescence analysis of mixed tumor growth over time is displayed in [Figure 4](#f0020){ref-type="fig"}*B*. Tumor total or individual flux was calculated using Living Image software (<https://www.perkinelmer.com>; [Figure 4](#f0020){ref-type="fig"}, *C* and *D*). As shown, significant antitumor activity was observed in both the B7-H3/CD3 BiTE cells and the B7-H3 CAR-T cells (*P* ≤ .01). Conversely, mice treated with PBS, or vehicle alone demonstrated progressive tumor burdens compared with the two B7-H3-targeted treatment groups. Of interest, B7-H3 BiTE treatment was found to mediate a rapid reduction in tumor burden on days 6 and 9 compared with the B7-H3 CAR-T group (*P* ≤ .05; [Figure 4](#f0020){ref-type="fig"}*C*). Compared with the control groups, no obvious weight change was observed for both the B7-H3-redirected BiTE and CAR-T treatment groups (*P* \> 05; [Figure 4](#f0020){ref-type="fig"}*E*). IHC demonstrated obvious decreases in B7-H3 expression in both the B7-H3-redirected BiTE and CAR-T treatment groups ([Figure 4](#f0020){ref-type="fig"}*F*).Figure 3**T cell-mediated cytotoxicity induced by B7-H3-redirected BiTE and CAR-T cells *in vitro.*** (**A**) Cell growth inhibition curves for SNK-6 cell lines with different concentrations of B7-H3/CD3 BiTE. The IC~50~ values are shown on the curve. (**B**) ^51^Cr-release assays of B7-H3/CD3 BiTE and B7-H3 CAR-T cells against SNK-6 and Raji cell lines at different E/T ratios. (**C**) Representative flow cytometry plots of SNK-6 and Raji cell lines after 24 h coculture with PBS, B7-H3/CD3 BiTE, vehicle control T cells, or CAR-T cells at an E/T ratio of 4:1. (**D**) Survival rates of residual tumor cells. (**E**) The secretion rates of IFN-γ, IL2, and TNF-α were measured using ELISA kits. Each experiment was repeated at least three times with similar results. For statistical analysis, unpaired two-tailed Student\'s *t* tests were applied. \**P* \< .05, \*\**P* \< .01, \*\*\**P* \< .001.Figure 3Figure 4**Antitumor effect of B7-H3-redirected BiTE and CAR-T cells *in vivo.*** (**A**) The treatment scheme of SNK-6-FFluc NSG mouse models. (**B**) Bioluminescence analysis of mixed tumor growth over time; n = 5. (**C, D**) Tumor total or individual flux data (in p/s) were calculated using Living Image software. Tumor growth rates are shown as mean values (unpaired two-tailed Student\'s *t* tests, \*\**P* \< .01). (**E**) Mouse body weight curves. (unpaired two-tailed Student\'s *t* tests, *P* \> .05). (**F**) Representative images of B7-H3 IHC staining in tumor sections after treatment. Scale bars = 20 μm. ns: Nonsignificant.Figure 4

Discussion {#s0090}
==========

Here, we screened a panel of biomarkers including B7-H3, CD70, TIM-3, VISTA, ICAM-1, and PD-1. We found that B7-H3 was highly and homogeneously expressed in NKTCL cell lines. We further described the construction and functional assessment of anti-B7-H3/CD3 BiTE and B7-H3 CAR-T cells. Both of these immunotherapy agents could suppress the proliferation and viability of ENKTCL cells *in vitro* and *in vivo*, highlighting B7-H3 as a potentially promising target for NKTCL immunotherapy.

The B7-H3 protein has now been identified as broadly overexpressed in multiple tumor cells, tumor-associated stromal tissues, angiogenic tumor vasculature, tumor-infiltrating dendritic cells, and macrophages \[[@bb0085], [@bb0090], [@bb0095]\], but has limited expression in normal tissues \[[@bb0100],[@bb0105]\]. The function of B7-H3 is still controversial, in part because the molecular mechanisms, the signaling pathways, and the receptor for B7-H3 remain largely unknown. Originally, B7-H3 was reported as a positive costimulator of T cells in humans \[[@bb0110]\]. However, growing evidence has indicated that B7-H3 also serves as a potent negative regulator, which decreases type I IFN and IL-2 release by T cells \[[@bb0090]\]. Moreover, it was shown that the expression of B7-H3 in tumor cells was correlated with poorer patient prognosis, shorter survival, and higher recurrence rates \[[@bb0090],[@bb0115]\]. All these characteristics make B7-H3 a potential clinical target for immunotherapies. Consequently, several B7-H3-specific mAbs and antibody--drug conjugates have shown potent and specific antitumor activity in early phase clinical trials, including some solid tumors \[[@bb0120],[@bb0125]\]. For example, an antibody targeting B7-H3 (8H9) has been evaluated in clinical trials for pediatric patients with central nervous system (CNS) malignancies \[[@bb0130]\], and a B7-H3/CD3 bispecific molecule (MGD009) is in clinical trials for solid tumors expressing B7-H3 ([NCT02628535](NCT02628535){#ir0035}) \[[@bb0085],[@bb0135]\]. Moreover, several clinical trials involving B7-H3-redirected CAR-T cells have been registered at [ClinicalTrials.gov](http://ClinicalTrials.gov){#ir0040}. Of these, most have focused on recurrent or refractory central nervous system tumors ([NCT04077866](NCT04077866){#ir0045}, [NCT04185038](NCT04185038){#ir0050}). In the present study, we generated both BiTE and CAR-T cells based on a novel B7-H3-targeted scFv derived from the J42 monoclonal antibody and for the first time validated their antitumor effects on NKTCL cells. For the target-binding scFv of CAR-T cells, different antigen binding epitopes or affinity may have different antitumor effects \[[@bb0140]\]. Therefore, further studies are necessary to compare the antitumor effects of our J42-based CAR with other reported B7-H3-targeted CAR.

As outlined above, B7-H3 might serve as a potent and viable target for tumor immunotherapy. Nevertheless, its role in immunotherapy for patients with NKTCL is unknown. Here, we tested B7-H3-redirected BiTE and CAR-T approaches against NKTCL cells. Both B7-H3 CAR-T cells and anti-B7-H3 BiTE therapies showed promising results for the treatment of NKTCL compared with the PBS- and vehicle-treated control groups. The antitumor therapeutic potential of B7-H3-redirected BiTE and CAR-T cells was supported by evidence of tumor cell killing, cytokine production, and suppression of *in vivo* tumor burden in a mouse model. Of note, there were differences between the B7-H3 CAR-T and anti-B7-H3 BiTE treatment groups in terms of drug administration. As shown above, 9 days after the mice received different treatments, the total flux in the BiTE group was significantly lower than in the B7-H3 CAR-T group (*P* \< .05), which indicated that BiTE cells might mediate rapid reductions in tumor burden compared with CAR-T cells. As previously reported, in part this is because the BiTE approach is less reliant on T cell expansion, while CAR-T cells need to undergo expansion *in vivo* to achieve sustained function \[[@bb0145]\]. In this study, the mice received six doses of BiTE compared with one dose of CAR-T cells. One key reason for the requirement of continuous administration of BiTE cells is their short half-life in serum \[[@bb0150]\]. To overcome these limitations, several methods including diabodies, bispecific immunoglobulins, and conjugates have been developed to increase the circulation time. Thus, CAR-T cells and BiTEs have been combined into a single platform for tumor immunotherapy. For example, Choi et al. constructed enhanced green fluorescence (EGFR)-specific BiTE-secreting CAR-T cells, and demonstrated that such cells could display potent killing activity against multiple tumors \[[@bb0155]\]. However, the strategies outlined above highlight the vast expanse of additional studies that are yet to be explored.

Not all the NSG mice showed tumor regression in our experiments, in part because of the antigen loss after B7-H3 BiTE and CAR-T treatments as shown by IHC, which is considered to be the main cause of tumor escape and treatment failure \[[@bb0065]\]. Diminished presentation of targeted antigens after T cell therapy has been widely reported in previous trials \[[@bb0160]\]. Strategies, such as targeting multiple specific tumor antigens or using combination therapies, have been developed to enhance treatment efficiency. For example, several preclinical studies have reported that bi- or trispecific CAR-T cells are highly effective in preventing tumor escape \[[@bb0165],[@bb0170]\].

However, there were some limitations in this study. Because chemotherapy and local radiotherapy are the first-line therapies for patients with NKTCL, it is difficult to collect tumor specimens. Consequently, dedicated *in vivo* imaging strategies are urgently needed for identifying cancerous lesions by targeting B7-H3 on tumor cells. For example, the anti-B7-H3 mAb DS-5573a labeled with zirconium-89 (^89^Zr-DS-5573a) demonstrates specific and prolonged targeting of B7-H3-expressing tumors *in vivo* \[[@bb0175]\]. Furthermore, spectroscopic photoacoustic molecular imaging and contrast-enhanced ultrasound imaging have high potential for the identification of exogenous contrast agents targeted to specific markers \[[@bb0180],[@bb0185]\]. Therefore, further study is needed to analyze the feasibility of clinical *in vivo* imaging for B7-H3 detection in patients with NKTCL.

Conclusions {#s0095}
===========

We found that B7-H3 was highly expressed in an NKTCL cell line. Both of the anti-B7-H3 BiTE antibody and B7-H3-redirected CAR-T cells showed significant cytotoxic effects *in vitro* and obviously induced tumor regression *in vivo*. Our results indicate that B7-H3-redirected CAR-T cells and BiTE might provide new and viable therapeutic options for patients with NKTCL.

The following are the supplementary data related to this article.Supplementary Figure S1**T cell-mediated cytotoxicity induced by B7-H3-redirected BiTE and CAR-T cells *in vitro.*** The secretion rates of IFN-γ, IL2, and TNF-α were measured using ELISA kits.Supplementary Figure S1
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